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' E R E J S J M k f f i N ' T  O f
S o m e  F u n g u s  D i s e a s e s .
EXPER IM ENTS MADE IN 1891.
BY L. H. PAMMEL.
T he matter of using fungicides to prevent certain parasitic 
diseases of plants is no longer a theory. Experiments made 
in many parts of this country and Europe show that diseases 
like Apple Scab, Leaf-spot Disease of the Cherry; Powdery 
Mildew, Strawberry Leaf-blight, Black Rot of Grapes; Potato 
Rot, and others are amenable to treatment.
There is still much to be learned about spraying, espec­
ially plants placed under different conditions. T he follow­
ing experiments were made during the season of 1891.*
Cherries and currants (Black Naples and W hite Dutch) 
have been much troubled with several parasitic, fungi the 
former notably by Powdery Mildew (Podosphaera oxyacan- 
thae), Spot Disease of Cherry (Cylindrosporium padi), the 
latter by Spot Diseases o f currants (Septoria ribis and Cer- 
cospora angulata), The currant crop on the College Farm 
this year has been much reduced, owing to the presence of 
Septoria and Cercospora last year. Large cherry trees were 
less affected since Cylindrosporium was not so severe on them 
last year, but this season the disease has been universally 
troublesome on large trees as well as small plants in the nur­
sery, many of the leaves having fallen before the first of 
August.
Though the results of spraying in 1890 were fairly success­
ful, I repeated the work, using amtnoniacal carbonate of copper 
and Bordeaux mixture, separately. T he latter solution was 
a little weaker than that recommended by Galloway. 1
*A brief outline of this work was presented before the Society for the Promotion 
of Agricultural Science, Washington meeting, 1891. A short account has also appeared 
In Zeitschrift fur Pflanzen krankheiten, Vol. I, p. 258.
1 Treatment of Nursery Stock for Leaf-blight and Powdery Mildew. Circular No. 
10, Division of Vegetable Pathology, Dept, of Agriculture.
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The ammoniacal carbonate ofcopper solution was prepared 
as follows: Three ounces of copper carbonate added to one 
quart of ammonia, specific gravity 26, diluted with twenty-two 
gallons of water.
■ Bordeaux mixture was slightly modified from the formula 
given by Prof. Galloway. Tw elve pounds of copper sul­
phate dissolved in twenty gallons of water. The copper sul­
phate was broken up. The water was allowed to act usually 
from twelve to twenty-four hours, by that time most of the 
copper sulphate had dissolved. In another vessel unslacked 
lime was prepared by using eight pounds of lime to twelve 
gallons of water. T he lime and copper sulphate solutions 
were then poured together and enough water added to make 
fifty gallons.
CURRANTS.
W hite Dutch treated with Bordeaux mixture.— The first 
application was made on June 9. On June 18 considerable 
of the mixture could be seen on the leaves. A  second ap­
plication was made on June 26, and on July 3, a third appli­
cation was made. On August 11 the leaves were still cov­
ered with the mixture. The treated were decidedly better 
than the untreated, few of the leaves having fallen. On 
September n th  the upper young shoots showed abundant 
traces of the application. Observation shows that three ap­
plications of the mixture is not sufficient, since many of the 
leaves fell during the latter part of August; nor is June 9 
early enough. The treated were, however better than the 
untreated, the latter having lost nearly all of their leaves 
late in August.
W hite Dutch treated with ammoniacal corbonate of cop­
per.— The currant bushes in this series received seven appli­
cations as follows: June 6, 8, 20, 29; July 9, 21, and August 
13. In June and July the rains were very frequent, hence 
it was necessary to apply oftener. On June 18, 29 and 
A ugust 11, traces of previous spraying still remained on the 
leaves. The result has been very decided. The treated are 
green with few leaves diseased. In checks leaves were 
nearly all off before the first o f August.
See plate II for treated and plate I for checks. Some of 
the bushes adjoining the treated received a little spraying
2
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and they showed a much better growth and healthier foliage. 
T h ey  have, however, decidedly more diseased leaves than 
the treated, but they have not fallen. On September 20 few 
of the leaves of the treated had fallen.
Black Naples, ammoniacal carbonate of copper.— The dif­
ference is not so marked since the Septoria does not cause the 
leaves of Black Naples to fall as readily as in the disease of the 
white and red currants. Applications were made as follows: 
June 6, 8, 20, 29; July 4, 21; August 13. Heavy rains occurred 
on June 21. On June 8, very small traces of previous spray­
ing could be seen on the leaves. On June 21, after another 
rain, ammoniacal copper carbonate was easily made out. On 
June 29 and July 4 traces of previous spraying could be 
seen with considerable distinctness.
• T h e currant experiments show a positive gain in spraying, 
which w ill be more visible next year, since plant food is made by 
the leaves, and stored away in pith, buds, etc., for future use. 
Some observations w ill be made next year to test the difference 
in the quality and quantity of the fruit. The currants on the 
bushes on the College Ground this year were very small, and 
poor in quality; this, no doubt, is attributable to the dis­
eases which infested the currants so seriously last year. 
These diseases are unquestionably very severe in many parts 
o f the United States, as I am informed by Prof. Galloway, 
Mr. Swingle and others. It is, therefore, of some moment 
to horticulturists to take proper measures to lessen the in­
jury.
CHERRY DISEASES.
T he diseases which most seriously affect cherry culture in 
Iowa are Spot Disease of the Cherry (Cylindrosporium padi) 
treated in Bulletin 13, Iowa Agricultural Experiment Station, 
Powdery Mildew (Podosphaera oxyacanthae) and CherryiScab 
(Cladosporium carpophilum), a new disease which has ap­
peared very destructive about Ames. T he loss this year from 
this disease was from two to twenty-five per cent on some 
varieties. Tests were made to prevent the Spot Disease and 
Mildew. Ammoniacal carbonate of copper solution and Bor­
deaux mixture were used separately.
7
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Fki. 2. Not treated.
P l a t e  III.
(Drawn by YV. Zmunt.) Fig. 1. Treated.
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Ammoniacal carbonate of copper— A  row of Mahaleb seed­
lings on which were budded a Russian variety received the 
treatment. These cherries were protected on the east side by 
some small shrubs and trees. The rows run north and south, 
the west side being unprotected.
Ten applications were made as follows: June 6, 8, 20, 29, 
July 8, 11, 18, 21, August 1 and 4, Owing to frequent rains 
during the month o f June and part of July it was necessary 
to spray frequently. It is very essential that spraying should 
begin early. June 6 was hardly early enough since some of 
the lower leaves had fallen before the first of June, and many 
more were yellow. For the latitude of Iowa the middle of 
May is early enough. Prof. Galloway2 recommends May 
for Washington. W ith ammoniacal carbonate of copper more 
frequent applications must be made than with Bordeaux m ix­
ture, since it does not adhere as well to the foliage. Thus 
on June 29, July 8 and 11 very little of the ammoniacal car­
bonate of copper was found on the leaves, at least as far as 
could be seen. Chemical tests were not made. There is a 
marked difference between the treated and in check rows. 
T he latter were further west, otherwise the conditions were 
as near alike as could be. Not only did the checks begin to 
lose their leaves rapidly on July 9, but the spotted leaves 
were much more abundant. The following tables show some 
of the differences in the treated and checks. In selecting 
plants, 35 plants of each row were selected as they came in 
the rows side by side, and they appeared nearly alike so far 
as height was concerned.
department of Agriculture, Report 1890- p 397.
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CHERRIES TREATED.
Data taken August 13.
Number
1. .. 
•2. . .
3. . .
4. . .
5. . . 
Ii. . .
r*I • • • 
8 . .. 
9 . . .  
10 . . .  
11... 
12...
13. . .
14. . .
15. . .
16. . .
17. . .
18. . .
19. . .
2 0 . . . 
21. . . 
2 2 . . .
23. . .
24. . .
25. . .
26. . .
27. . .
28. . .
29. ..
30. .. 
21 . . .
32. . .
33. ..
34...
35...
Height Number of Branches, Of Leaves.
2 2  4...................  90
25...................  11...................  184
22...................  16...................  286
3 0  10...................  180
2 3  3...................  123
20...................  3...................  59
28...................  6...................  113
2 2  7...................  126
25...................  12...................  112
22...................  11...................  160
2 0  8...................  129
3 1  7...................  140
2 3  7...................  131
3 0  8...................  112
2 1  4...................  62
23...................  11...................  168
2 3  7...................  123
2 4  7.................. 86
23...................  11...................  41
2 7  4...................  71
3 1  7...................  151
3 1  12...................  167
38...................  8...................  167
14...................  6...................  10
2 5  12...................  150
2 8  4...................  103
40...................  11...................  210
3 2  11...................  136
3 0  7...................  97
37...................  10...................  176
3 1  11...................  157
18...................  3...................  16
3 3  13...................  201
3 0  7................... 97
3 1  10...................  164
Totals, 35 
Averages,
289 4498
128.5
10
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Totals
CHERRIES NOT TREATED,
Data taken August 12.
Number. Height. Number—Of Branches; of Leaves.
 1  37 ...................... 19 ....................  156
 2  19 i ...................... 8 ....................  42
 3  29 ...................... 6 ....................  30
 4  30 ...................... 11 ....................  56
 5  36 ...................... 12 ....................  82
 6  32 ...................... 11 ....................  76
 7  38 ...................... 8 ....................  101
 8  18 ...................... 4 ....................  49
 9  34 ...................... 10 .................... 133
10...................  18 ...................... 8 ....................  24
1 1  31 .....................  16 ..................  177
1 2  15 .....................  5 .................... 23
1 3  17 ...................... 3 .................... 34
1 4  25 ...................... 3 .................... 39
1 5  39 .....................  10 ....................  147
1 6  38 .....................  11 ....................  104
1 7  28 .....................  8 .................... 78
1 8  26 .....................  7 .................... 48
1 9  34 .....................  9 .................... 60
2 0  35 ...................... 10 .................... 61
2 1  22 ...................... 7 .................... 33
22   25 ...................... 1 .................... 21
33...................  14 ...................... 8 .................... 8
24...................  28 ...................... 12 .................... 80
35...................  20 ...................... 6 .................... 34
2 6  18 ...................... 5 ....................  14
2 7  26 ...................... 5 ....................  52
2 8  18 ...................... 7 .................... 37
2 9  19 ...................... 6 ....................  61
3 0  23 ...................... 4 ....................  90
3 1  19 ...................... 8 ....................  65
3 2  16 ...................... 7 ....................  43
3 3  20 ...................... 3 ....................  51
3 4  14 ...................... 7 ....................  61
35   13 ...................... 2 ....................  17
...35 885 267 2193
Averages 7.7 62.6
11
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F igure  I.
Cherry, treated w ith ammoniacal carbonate of copper. 
(Drawn by W. Zmunt.)
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Cherry, not treated. The leaves are curled, owing to Powdery Mild< 
(Drawn by W. Zmunt.
Figure II.
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This shows that the average height in the treated was 26.6 
inches; of the untreated 25.3 inches. The second year the 
treated w ill probably show a greater difference in growth, 
since they have stored away more material for future use 
than the untreated. The average number of leaves on the 
treated was 128.5; on the untreated 62.5. It is also 
noticeable that the number of limbs average less for those 
not treated, showing that the treated made a stronger 
growth in every way. . The most marked difference is the 
total absence of Powdery Mildew on the treated, while 
it is very abundant on the checks. The leaves of the 
treated are bright green, while the checks in every case are 
covered with this most destructive fungus. T his fungicide 
seems to be so effective that nurserymen need have no ap­
prehensions about the disease. Figures 1 and 2.
Bordeaux m ixture.— Tw oseriesof experiments were made. 
One on seedling Russian cherries of many varieties, a second 
on cherries of several Russian varieties budded on Mahaleb. 
Horticulturists have long experienced much difficulty in 
budding and grafting certain varieties on the Mazzard and 
Mahaleb. The union seems not to be perfect. To overcome 
this difficulty Prof. Buddhas suggested to grow seedling Rus­
sian cherries and use them as stocks, but it has been a hard 
matter to grow these successfully owing to several fungus 
diseases, the Spot Disease and Powdery Mildew. The former 
is the more serious since the leaves fall very early. The ex­
periment consisted of treating about 5,000 seedlings, leaving 
checks at various places. The applications were made as fol­
lows: June 10, 23; July 3, 13, 27; August 1 and 6. Observa­
tions made 011 July 18 and 23 showed that the rains before 
these dates did not remove all the mixture, but a heavy rain 
before July 27 removed nearly all of it. On August 27 the 
number of leaves of treated and untreated were counted, also 
the height and number of branches w ith the following re­
sult. T he soil and other conditions were as nearly alike as 
it was possible to have them:
14
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Totals
SEEDLING CHERRIES— TREATED.
Bordeaux Mixture.
Number. Height. Number—Of Branches; of Leaves
1 ........... ......... 6 . . .................... 3 ............. .........41
o ................ 1 ........... ......... 5
3 ............. ____ 9 . . ................ 0 ........... ......... 19
4 ............. ......... 12 . . .................... 5 ____
5 ............. ......... 12 . . ................ 0 ........... .........20
6 ............. ......... 7 . . ................ 0 .......... ......... 11
7 ............. ......... 4 . . ................ 1 ........... .......  15
8 ........... .......  15 .. ................ 1 ........... .......  38
9........... .......  4 . . ................ 0 ...........
10.......... .......  3 .. ................ 1 ...........
11.......... .......  6 . . o . . . .  50
12............. .........  6 . . ................ 0 ........... .......  5
13.......... .......  7 .. ................  1 ........... .......  16
14........... .......  7 .. ................ 1 ........... .......27
15.......... ......... 4 . . .........  13
16........... .......  2 .. ................ 2 ............. .......  9
17........... .......  2 .. ................ 0 ........... .......10
18.......... .......  3 .. ................ 2 ........... .......  9
ID .......... .......  9 .. ................2 ............. .......10
20 ........... ................ 2 ........... .......15
21 .......... .......  3 .. ................ 2 ........... .........  6
22 .......... .......  6 .. .......  13
23 .......... .......  14 .. ................ 0 ........... .......  11
24.......... .........  3 .. ................2 ............. .........35
25............. .........  4 .. 2 . . 3
26............. .......  1 . .. ................ 0 ........... .......  1
27.......... .......  5 .. 2 .........  12
28............. .......  5 .. ................ 1 ........... .......12
29.......... .........  3 .. ................ 1 ........... .......  5
30 ........... .......  5 .. ................ 1 ........... .......  13
31.......... .......  5 .. ................ 0 ........... .......  5
32 .......... .......  3 .. ................ 0 ........... .......  1
33........... .......  6 ....................2 . . .......  9
34 .......... 2 ................ 1 ........... .......  3
35.......... .......  5 .................... 2 ............. .......  6
___35 196 45 520
Averages 6— 15-
15
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SEEDLING CHERRIES— NOT TREATED.
Number.
1......
2 .........
 3 
 4 
 5 
 6  
Height. Number—Of Branches; of Leaves.
9.
1 0 .
1 1 .
12 .
13.
14.
15.
16.
17.
18.
19.
20. 
21. 
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
2
. 0 .
. 1 .
. 1 .
. 0 .
.  0 .
.  0 .
. 0 .
.  1 .
.  1 .
. 0 .
.  0 .
.  0 .
. 0 .
. 0 .
. 1 .
. 0 .
. 1 .
. 2 .
. 0 .
. 3 .
. 1 .
. 1 .
. 0 . 
.dead.
. 0 .
. 0 .
. 0 .
. 0 .
. 1 .
. 0 . 
.dead, 
•dead.
2 ................... dead.
2 ................... dead.
3
4
3
4 
2 
3 
3 
3 
8
5
5
6 
11
7
7
6
3 
5
4 
4 
4 
2 
3 
1 
3 
3 
3 
2 
1 
2 
2 
2
18
5
7
0
0
3
4 
3 
9 
7
5
5 
3 
9 
9
27
12
7 
26
8 
10 
10
8
3 
0
4
6 
2
3
4 
2 
0 
0 
0
Totals............ 35
Averages..........
136
4-
16
.5-
219
6+
16
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From these tables it w ill be seen that in the checks five 
plants were dead; of the treated none were dead. T he av­
erage number of leaves on the treated was fifteen; on the 
checks about six. Number of branches on the treated 1.3; 
on the untreated, o. 5. The result is in every way in favor of 
the treated. Superior growth, fewer spotted leaves and more 
leaves. The treated retained their leaves up to frost.
As regards Powdery Mildew the difference is not so marked 
as with ainmoniacal carbonate of copper. Nearly all o f 
the younger leaves soon after they were expanded were af­
fected by the fungus. It should be remembered in treating 
seedlings that growth is more or less continuous on seedlings 
during the entire season. T his is not so marked in budded 
or grafted cherries. In trees much of the growth is made 
early in spring so that in treating trees spraying should be 
done early. Some varieties are worse than others.
Budded cherries of the varieties K in g ’s Morello, Griotte 
du Norde and Sklanka received applications as follows: June 
x3) 23> July 3, 13, 27. Observations on July 13, showed a 
marked difference between treated and untreated, in the lat­
ter many leaves were yellow and falling and many more were 
spotted. T he treated were bright green. Here the Pow­
dery Mildew was checked. The following tables show the 
difference between the treated and untreated:
17
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BUDDED CHERRIES— TREATED.
Bordeaux Mixture.
Number.
9.. 
10.. 
11.. 12..
13..
14..
15..
18..
17.. 
18.
19..
20 . .  
21. .  
22.. 
28..
24..
25..
26..
27..
28..
29..
30..
Totals............ 30
Averages.........
Height.
. . 29 ..
. .35 ..
. . 24 .. 
. .  21 
.. 28
. 31 .. 
.. 28
. . 40 .. 
.. 30
. .24 ..
. . 24 ..
. . 27 ..
..SO . .
. . 28 ..
. . 34 .. 
. . 35
. .34 .. 
. . 29
. .33 ..
. . 24 ..
. . 36 ..
. . 33  ..
-.33 ..
.. 5 .. 
.. 35
. . 35 ..
. . 45  ..
. . 33 ..
. . 28 ..
. . 33 ..
894
29.8
Number—of Branches; of Leaves.
. 5 
. 5 
. 6 
. 8 
. 11 
. 9 
. 5 
. 7 
. 8 
. 4 
. 4 
. 11 
. 8 
. 34 
. 7 
. 10 
. 9 
. 9 
. 4 
. 7
219
7.3
89
77
80
56
57 
36 
50 
93 
49 
47 
61 
87
102
109 
201 
145
110
97 
102
52
65
278
120
98 
122 101 
231 
139 
120 
122
3096
102.3
Note.—Numbers 1 to 10 are King's Morello, 11 to 20 are Griotte Du Norde, 31 to 30 
are Sklanka.
18
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Totals
BUDDED CHERRIES— UNTREATED.
Number. Height. Number—Of Branches; of Leaves.
 1 .21 ....................  9 ....................  35
 2 .27 ....................  5 ....................  59
 3 .31 ....................  8 ....................  90
 4 .27 ..................... 8 ....................  53
 5 .29 ....................  11 ....................  82
 6 .33 ....................  5 ....................  53
 7 .25 ....................  3 ....................  32
 8 .23 ....................  4 ....................  35
 9 .27 ..................... 5 ....................  65
1 0 .24 .................... 9 ....................  52
1 1 .25 ...*..............  8 ....................  57
1 2 .26 ....................  3 ....................  31
1 3 .13 ..................... 5 ....................  37
1 4 .19 ....................  9 ....................  77
1 5 .29 ..................... 4 ....................  50
1 6 .18 ..................... 6 ....................  23
1 7 .31 ..................... 6 ....................  39
1 8 .26 ..................... 5 ....................  28
1 9 .35 ..................... 8 ....................  73
2 0 .35 ..................... 9 ....................  46
2 1 .19 ..................... 4 ....................  35
2 2 .31 ..................... 10 ....................  96
2 3 .21 ....................  9 ....................  54
2 4 .23 ..................... 5 ....................  50
2 5 .28 ....................  5 ....................  42
2 6 .20 ....................  7 ....................  32
2 7 .26 ..................... 6 ....................  52
2 8 .36 ..................... 10 ....................  124
39................... .19 ..................... 6 ....................  40
30................... .24 ..................... 10 ....................  50
...30 771 202 1592
Averages 25.7 6.7+ 53.+
19
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PEAR LEAF-BLIGHT.
In Bulletin No. 13 I reported on Pear Leaf-Blight (Entom- 
osporium maculatuvi) using Bordeaux mixture and ammonia- 
cal carbonate of copper. In that experiment only three ap­
plications were made. T his year eight applications were 
made as follows: June 8, 20, 27, July 9, n ,  18, 21, and 
August 1. T he results are very marked. See plates IV  and 
V  for treated and untreated plants.
Experiments with the disease have been made by various 
investigators on both quince and pear and the results are most 
marked in every case. Prof. Galloway3 says: Nearly all of 
the varieties of the pear are subject to this disease, which at­
tacks the young and tender seedlings as well as old fruit-bear- 
ing trees. Pear, plum, cherry and quince stocks can be 
treated six times the first season with Bordeaux mixture for 
55 cents per thousand. *
Prof. Chester says:4 “ That the ammoniated carbonate o f 
copper, the modified eau celeste, the carbonate and carbonate 
o f ammonia mixture and the Bordeaux mixture w ill all con­
trol the leaf-blight of the pear and prevent the fall of the 
foliage.”
3 Circular No. 10. Division of:Vegetable Pathology. Dept, of Agrl. Washington 1891, 
pp. 4-7.
4 Delaware College Agricultural Experiment Station, Bulletin No. X III. Newark, 
Delaware, July, 1891.
20
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Plate IV. Treated for Leaf-Blight of Pear.
21
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P l a t e  Y .  Plants in adjoining row. not treated.
22
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Totals
LEAF-BLIGHT OF PEAR— TREATED.
Ammoniacal Carbonate of Copper.
Number Height Numberof Branches; of Leave*.-
 1  40 ....................  11 ....................  78(5
 2  43 ....................  12 ....................  35(>
 3  30 ....................  7 ..................... 275,
 4  23 ....................  10 .....................180
 5  52 ....................  17 ..................... 480
 6  25 ....................  6 ..................... 151
 7  27 ....................  6 ..................... 7®-
 8  38 ....................  12 ....................  203
(1...................  83 ....................  13 ..................... 533-
1 0  35 ....................  7 ....................  llO
1 1  18 ....................  6 ....................  10
1 2  33 ....................  13 ..................... 90
1 3  42 ....................  10 ....................  170'
1 4  33 ....................  4 ....................  199>
1 5  73 ....................  15 ....................  320
1 6  28 ....................  4 ....................  125-
1 7  55 ....................  17 ....................  356-
1 8  25 ....................  5 ..................... 170
1 9  20 .................... 8 ....................  115
2 0 ............. 52 .................... 15 ....................  344
2 1  33 .................... 10 ....................  270
2 2 ....... 36 .................... 5 ....................  225-
2 3  52 .................... 18 ....................  492-
2 4  35 ................ . 5 ....................  110
2 5  40 ....................  16 ....................  300
. .25 980 252 6446
Averages 39.2 10.+ 257.8-fr
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'Totals
XEAF-BLIGHT OF PEAR— UNTREATED.
Number Height Number of Branches; Of Leaves.
 1  60 .....................  15 ....................  197
 2  24 .....................  3 ....................  0
 3  43 .....................  4 ..................... 71
 4  27 .....................  9 ..................... 276
 5  23 ...................... 3 .................-.. 6
 6  15 .....................  6 ..................... 55
 7  25 .....................  11 ....................  33
 8  55 .....................  9 ....................  5
 9  53 .....................  12 ....................  200
1 0  24 .....................  2 ..................... ,8
1 1  58 .....................  10 ................... 121
1 2  28 .....................  2 ..................... 11
1 3  40 .....................  3 ..................... 23
1 4  40 ...................... 9 ..................... 22
1 5  23 .....................  2 ..................... 5
1 6  35 .....................  6 ..................... 0
1 7  65 .....................  6 ................... 143
1 8  64 .....................  8 ..................... 57
1 9  27 ...................... 3 ..................... 0
2 0  55 .....................  12 ..................... 26
2 1  30 .....................  9 ..................... 32
2 2  30 .....................  0 ..................... 0
2 3  33 .....................  6 ....................  0
2 4  52 .....................  6 ..................... 34
2 5  34 .....................  4 ..................... 0
...... 25 963 160 1325
Averages 38-5+
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These tables certainly show that there was a very marked 
difference between the treated and untreated, in height, num­
ber of branches and leaves.
COST OF SPRAYING.
We are certainly justified from these experiments to con­
clude that treatment was a decided success. Accurate ac­
counts on the cost of material, the time of spraying were 
not kept. T he mixtures were applied with the Galloway 
Knapsack Sprayer, which did excellent work. Prof. G al­
loway 5 states that the actual profit to those who sprayed in 
the State o f New Y ork was thirteen thousand dollars. It 
must be remembered that only a small number of the grape 
growers of New York sprayed their grapes to prevent rot and 
mildew.
The gain in spraying our block of cherry seedlings at a 
low estimate is about 125 dollars. I f  all cherry seedlings as 
well as grafted and budded stock in the state had been 
sprayed, during the past season the cherry stock at a low esti­
mate would be increased in value several thousand dollars.
This is an important item, bearing in mind that the growth 
o f  Russian cherries in the northern part of the state is de­
veloping into an important industry, and that cherry culture 
in general in the state— especially in the south and south­
west, where some of the old sorts do well— is on the increase. 
The demand for good nursery stock is therefore on the in­
crease, and nurserymen who w ill not treat their cherry stock 
must offer inferior stock for sale.
FUNGICIDES AND THEIR STRENGTH.
In our experiments Bordeaux mixture and ammoniacal car­
bonate of copper were used. These fungicides are more uni­
versally used than any of the others. Prof. Galloway says, 
“ Numerous preparations have been recommended and used 
for this work. For all practical purposes, however, there are 
but four which properly may be called remedies. T hey are (1) 
Bordeaux mixture, (2) ammoniacal solution o f copper car­
bonate, (3) eau celeste, and (4) modified eau celeste.”  Prof. 
Galloway, who has conducted some extensive experiments
6 Farmers’ Bulletin No. 7, United States Department of Agriculture, p. 11.
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has reduced the copper sulphate and lime one-half in Bor­
deaux mixture. He uses a barrel that holds 45 gallons; dis­
solves 6 pounds of copper sulphate in 8 or 10 gallons o f water, 
or sufficient to dissolve the copper sulphate; in another barrel 
or tub, 4 pounds of fresh lime are slacked. Place a gunney 
sack over the barrel containing the copper sulphate and pour 
into it, the lime water.
Ammoniacal carbonate of copper accordiug to the G allo­
way formula. In an ordinary water pail m ix 5 ounces o f 
copper carbonate with enough water to make a thick paste. 
Dissolve this paste in three pints of strong aqua ammonia; 
then dilute to 45 gallons. I f  this does not dissolve all the 
carbonate of copper add enough to bring it into a state of 
solution.
Eau celeste. “ Dissolve 2 pounds of copper sulphate in 8 
gallons of water. W hen completely dissolved add 3 pints of 
strong ammonia and dilute to 45 gallons.”
Modified eau celeste. “ Dissolve 4 pounds of copper sul­
phate in 10 or 12 gallons of water and stir in 5 pounds o f 
washing or sal soda; then add 3 pints of strong aqua ammonia, 
dilute to 45 gallons.”
CONTINUOUS APPLICATION OF COPPER SALTS.
There has been some discussion of late in thehHorticul- 
tural and Agricultural Press and Scientific Periodicals con­
cerning the injury that may result in the use of fruit which 
has been treated with copper compounds, and also the injury 
that may result to the future growth of the plants by con­
tinuous application of copper salts.
So far as I know there has been no injury to the foliage in 
the use of fungicides in the above strengths. No injury was 
detected on treated plants on the College Grounds, yet there 
may be some injury to the roots as several investigators have 
shown. Prof. Beach 6 reports injury to tomato plants.
In Bulletin No. 16 of the Iowa Experiment Station an ex­
periment was reported in which it was shown that ammonia­
cal carbonate of copper may injure corn, greatly retarding 
growth. T hat strong solutions of this fungicide check root
6 Rural New Yorker, 1893, March 26. Cultivator and Country Gentleman, Januaryr 
1892.
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development. T h e writer also made a short abstract in Am er­
ican Garden.7 A  fuller account was given in Agricultural 
Science.
Mr. Long commenting on this and other experiments being 
made, says: “ Thus far they have failed to convince us that 
there is any cause for alarm, or necessity of particular caution 
in the use of these fungicides on the grounds mentioned.”  It 
is much safer to use weak solutions if  effective than strong 
ones. I think there is enough evidence to show that copper 
salts in small amounts are quite potent. It is moreover im ­
portant to learn the behaviour of different plants with fungi­
cides. That our cultivated plants vary widely in regard to 
their behavior with fungicides I think no one can doubt. Some- 
additional experiments have been made during the winterr 
though not completed, show this in a very striking manner. 
Beans (Phaseolus vulgaris) show little injury to the root sys­
tem with the ordinary strength of the ammoniacal carbonate- 
o f copper solution. As in the corn experiment cited above- 
the fungicide was mixed with the soil.
Some interesting experiments are in progress with oats and'- 
various fungicides, among them Bordeaux mixture and am­
moniacal carbonate o f copper. Seeds remaining in contact 
with the fungicides, two hours in one case and twenty-four in* 
another. T he ammoniacal carbonate o f copper has not on ly 
retarded germination, but where it was in contact with this 
fungicide twenty-four hours almost no germination.
These experiments so far as they go, indicate that there is 
great difference in plants, with regard to the strength of the 
solutions that are injurious for different species of plants. T h e 
results of these experiments now in progress w ill be reported 
in a future Bulletin by Mr. Stewart and myself, as well as some 
joint work in the same line with Prof. Patrick. It is admit­
ted that the chemistry o f the subject, has an important bear­
ing on the question.
I f  it is true as the above and other experiments indicate, 
that copper salts are injurious to plants, we must use weaker 
solutions. It is fortunate that the Division of Vegetable Pa­
thology8 of the Department of Agriculture has found that cop­
J Vol. X III, May, 1893, p. 243. See also Farmer’s Review, 1892. March 30th, where the
editor refers to remarks made by the writer before the Iowa Horticultural Society in 
January. Agricultural Science, vol. VI, p. 217.
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per sulphate in Bordeaux mixture can be reduced 90 per cent 
without affecting its efficacy as a preventive of Black Rot and 
Mildew of the grape. This would not only reduce the cost of 
treating these diseases from fourteen dollars to a little over two', 
but would certainly lessen the injury to the roots of plants 
treated. I think there will be little danger in using the for­
mulae for Bordeaux mixture given in this paper, especially the 
Galloway formula. Additional experiments w ill have to be 
made to determine whether weaker solutions are just as effi­
cacious for the diseases treated in this Bulletin.
T he ammoniacal carbonate of copper, while it has given 
such excellent results,should be used weaker than the formula 
given; possibly using a solution half as strong would be just 
as efficacious. Y et positive statements cannot be made in 
absence of experimental evidence. W e should bear in mind 
that plants may differ widely in regard to their behavior with 
copper sulphate.
An important point raised in this connection with spray­
ing of fruits, apples, grapes, etc., is whether copper salts 
are injurious when taken into the system. Although no ex­
periments have been made on the College Grounds, it may be 
w ell to quote from a carefully prepared paper by Professor B. 
T . Galloway, quoted before. “ According to Gauthier, Pro­
fessor of Chemistry of the Faculty of Medicine, Paris, an 
adult can absorb daily, for a period of several weeks without 
ill effects, from 0,2 to 0.5 gram (1 gram equals 15.438 grains) 
o f copper sulphate or blue vitrol. ”  What is the amount of 
copper found on sprayed grapes? Grapes when sprayed in­
telligently rarely contain more than 5 milligrams (0.005 
gram) of copper per kilogram. The average being from 
2^ -3 milligrams per kilogram. In other words 1,000,000 
pounds of grapes sprayed in the usual way with the Bordeaux 
mixture would contain from 2^2-5 pounds of copper.
‘ ‘On this basis an adult may eat from 300 to 500 pounds 
of sprayed grapes per day without fear of ill effects from 
the copper. ’ ’ Analyses show that many plants cotain small 
amounts of copper, [sometimes also in wheat. Prof. Galloway 
estimates that 23,495 pounds of this metal are sent out of 
this country in wheat alone every year.
442
»Annual Report of Secretary of Agriculture, 1891.
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The writer is under obligations to Prof. P. H. Rolfs and 
Mr F. C. Stewart for carrying out some of the details in 
this work. The counting of leaves and measurements of 
plants were made by Mr. Eugene Brown and F. A. Sir- 
rine.
SUMMARY.
1. Spot Disease of currants can be treated successfully 
with Bordeaux mixture and ammoniacal carbonate of cop­
per.
2. Leaf Spot Disease of cherry and Powdery Mildew oj 
cherry can be treated successfully, and with little expense, 
with the same fungicides.
3. Application should be made at least once every two 
weeks during the months of June, July and August; more 
frequently i f  the season is a rainy one.
4. Ammoniacal carbonate of copper should not be made 
too strong as on some plants its effects seem to be injurious.
5. There is no danger attending the use of copper salts, 
as the amount of copper found on sprayed fruits is so small.
29
Pammel: Treatment of some fungus diseases. Experiments made in 1891
Published by Iowa State University Digital Repository, 1888
